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1.  Introduction 

Increased  expression  of  eIF4E  has  frequently  been  reported  in  breast  cancers  and  is  thought 
to  make  fundamental  contributions  to  disease  development  and  progression1.  Increased 
eIF4E  activity  acts  to  enhance  the  translation  of  oncogenic  cancer-related  transcripts  that 
contain  highly  structured  5’  untranslated  regions  (UTRs)  in  their  mRNAs.  Over-expression 
of  eIF4E  has  been  shown  to  correlate  with  poor  prognosis  in  breast  cancer"  therefore  the 
level  of  eIF4E  over-expression  has  been  studied  extensively  as  a  prognostic  marker  with 
some  success.  Furthermore,  eIF4E  is  an  established  target  for  cancer  therapy  and  clinical 
trials  of  the  efficacy  and  safety  of  cancer  therapeutics  that  target  eIF4E  have  been  carried 
out,  again,  with  some  success.  However,  it  is  clear  that  eIF4E  expression  may  not  equate  to 
eIF4E  activity,  since  eIF4E  activity  is  additionally  regulated  by  a  family  of  binding 
proteins,  the  4E-BPs,  that  bind  to  and  inhibit  eIF4E  activity4. 

Hypothesis:  analysis  of  eIF4E  activity  in  individual  breast  tumours,  as  opposed  to  eIF4E 
expression,  will  give  improved  prognostic,  predictive  and  biological  understanding  of 
individual  breast  cancers,  and  overall  insights  into  the  mechanisms  of  breast 
carcinogenesis. 

In  order  to  test  this  hypothesis  we  aimed  to  investigate  eIF4E  activity  in  breast 
carcinogenesis  using  a  novel  cross-disciplinary  approach.  First,  we  aimed  to  examine  the 
expression  levels  of  eIF4E  and  the  4E-BPs,  and  the  activity  of  eIF4E  in  cultured  human 
cells  using  various  biological  assays.  Secondly,  we  aimed  to  determine  a  mathematical 
relationship  between  these  expression  levels  and  eIF4E  activity.  Finally,  we  aimed  to 
determine  expression  levels  of  eIF4E  and  its  regulators  in  breast  tumours,  and  to  estimate 
eIF4E  activity  using  the  mathematical  analyses  above.  Our  expectation  was  that  this 
measure  of  activity  would  provide  a  more  effective  prognostic  marker  than  using  eIF4E 
expression  alone.  In  addition,  we  expected  that  the  measure  of  eIF4E  activity  would 
provide  an  effective  predictive  marker  for  appropriate  targeting  of  therapies  directed 
against  eIF4E.  We  have  made  substantial  progress  on  each  of  these  aims. 
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2.  Body 

1)  Determination  of  expression  levels  of  eIF4E  and  its  regulators  in  cell  lines  (section  4.2a 
of  narrative/section  A3  of  Statement  of  Work). 

We  have  determined  relative  expression  levels  of  eIF4E,  4E-BP1,  4E-BP2  and  phospho- 
4E-BP1  (Thr37/46)  in  a  panel  of  human  cell  lines  (HB2,  MCF7,  MDA-MB-231,  MCF- 
10A,  A549,  FI  1299,  U2020,  Caco-2,  SW480)  using  Western  blots  with  two  alternative  cell 
lysis  methods  (RIPA  lysis,  normalized  to  total  protein;  Laemmli  lysis  normalized  to 
expression  of  beta-actin)  (Fig  1).  Assessment  of  expression  in  these  lines  using  immuno- 
histochemistry  is  underway  (4E-BP1,  4E-BP2  and  phospho-4E-BPl  are  complete;  data  for 
eIF4E  will  be  completed  shortly).  Interestingly,  we  find  that  assessments  by  the  different 
techniques  give  quite  different  answers.  Using  the  mathematical  analyses  in  section  4  we 
have  been  able  to  establish  which  is  most  representative  of  the  levels  of  the  ‘active’ 
proteins. 

2)  Determination  of  eIF4E  activity  in  cell  lines  (narrative  4.2b/SoW  A4  and  A3). 

We  have  determined  relative  eIF4E  activity  in  the  panel  of  cell  lines  (as  above)  both  using  a 
methyl-7-GTP-Sepharose  cap-binding  assay  (data  not  shown),  and  by  determining 
translation  efficiency  of  reporter  mRNAs  with  a  variety  of  structured  5’UTRs5'7  (Fig  2).  As 
in  section  1,  we  find  that  these  assessments  with  different  techniques  give  quite  different 
answers,  but  -  again  -  using  the  mathematical  analyses  we  have  been  able  to  establish 
which  is  most  representative  of  actual  eIF4E  activity. 

3)  Examination  of  archival  breast  tumours  (narrative  4.2c/SoW  Al). 

We  have  determined  expression  levels  of  eIF4E,  4E-BP1,  4E-BP2  and  phospho-4E-BPl 
(Thr37/46)  in  a  cohort  of  breast  tumours  supported  by  extensive  clinical  background  and 
follow  up.  We  have  established  the  relationship  between  expression  of  these  markers  and 
tumour  grade,  size  and  type  .  Moreover,  we  have  combined  the  insights  gained  from  each 
of  these  markers  into  an  estimate  of  eIF4E  activity  (see  below). 

4)  Mathematical  analyses  (narrative  4.2d/SoW B1  and B3). 

We  have  developed  a  mathematical  function  that  relates  expression  levels  of  eIF4E,  4E- 
BP1,  4E-BP2  and  phospho-4E-BPl  in  clinical  breast  tumours  to  survival.  This  function,  ‘z’, 
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provides  additional  prognostic  insights  when  compared  to  examination  of  eIF4E  expression 
levels  alone8.  This  variable  can  be  described  as  X-B1/4+PB1/2-B2/4,  where  X,  Bl,  PB1 
and  B2  represent  eIF4E,  4E-BP1,  phospho-4E-BPl  and  4E-BP2  levels  respectively.  Using 
data  from  section  1  above,  we  have  determined  relative  levels  of  z  in  cell  lines  for  each  of 
the  detection  methods  used.  We  have  compared  these  with  the  various  measures  of  eIF4E 
activity  from  section  2  above.  By  determining  which  measure  of  z,  and  which 
experimentally  determined  measure  of  eIF4E  activity  correlate  most  closely  we  have 
established  the  methodologies  that  are  most  representative  of  the  levels  of  the  ‘active’ 
proteins  (RIPA  extractions,  normalized  to  total  protein)  and  actual  eIF4E  activity  (a 
reporter  assay  for  translational  efficiency  of  mRNAs  containing  a  60  nucleotide  hair-pin 
loop  within  the  5’UTR;  “+60”,  see5;  note  that  this  reporter  is  the  only  one  used  here  which 
contains  a  single  well-characterized  structural  motif  and  no  upstream  ORFs).  As  this 
correlation  is  surprisingly  close  (Fig  3),  especially  in  breast  cell  lines,  we  have  been  able  to 
validate  z  as  a  true  estimate  of  eIF4E  activity  in  breast  cells. 
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Figure  1  Relative  expressions  of  eIF4E,  4E-BP1,  phospho-4E-BP  1  and  4E-BP2  were 
determined  by  densitometric  analyses  of  Western  blots  using  either  RIPA  extracts 
normalized  to  total  protein  (RIPA)  or  Laemmli  extracts  normalized  to  expression  of  beta- 
actin  (Laemmli). 
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Figure  2  Relative  translational  efficiencies  for  reporter  mRNAs  with  different  structured 
5’UTRs  as  shown.  See7  for  an  explanation  of  the  determination  of  relative  translational 
efficiencies  and5, 7  for  a  description  of  these  specific  reporters. 


Figure  3  eIF4E  activity  was  determined  experimentally  (red  line;  see  Figure  2  +60 
reporter)  or  estimated  using  the  z  variable  and  relative  expressions  of  the  pathway 
components  as  measured  by  Western  blot  using  RIPA  extracts  (blue  line;  see  Figure  1). 
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3.  Key  Research  Accomplishments 

1)  We  have  established  that  mathematically  combining  assessments  of  expressions  of 
eIF4E-regulators  with  assessments  of  expression  of  eIF4E  in  clinical  tumours  provides 
improved  prognostic  insights  over  examination  of  eIF4E  alone,  presumably  as  this 
combinatorial  measure  reflects  eIF4E  activity.  This  work  has  recently  been  published  . 

2)  Using  cell  lines,  we  have  experimentally  demonstrated  that  this  combinatorial  estimate 
of  eIF4E  activity  does  indeed  reflect  eIF4E  activity.  This  represents  a  critical  validation  of 
our  technique  for  estimation  of  eIF4E  activity  and  allows  us  to  propose  that  it  may  act  as  a 
potentially  powerful  therapy  predictive  marker  for  therapies  directed  against  the  eIF4E 
pathway,  such  as  sirolimus9,  everolimus10  and  4E-AS011. 
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4.  Reportable  outcomes 

After  the  first  year  of  funding,  this  work  has  led  directly  to  one  publication: 

Coleman  LJ,  Peter  MB,  Teall  TJ,  Brannan  RA,  Hanby  AM,  Honarpisheh  H,  Shaaban  AM, 
Smith  L,  Speirs  V,  Verghese  ET,  McElwaine  JN  &  Hughes  TA  (2009)  Combined  analysis 
of  eIF4E  and  4E-binding  protein  expression  predicts  breast  cancer  survival  and  estimates 
eIF4E  activity.  Br  J  Cancer  100,  1393-9 
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5.  Conclusions 

We  have  already  tested  and  supported  our  main  hypothesis:  analysis  of  eIF4E  activity  in 
breast  tumours  does  give  improved  prognostic  insights  into  breast  cancer  over  analysis  of 
only  eIF4E  expression. 

This  conclusion  and  our  methodology  have  some  useful  implications  for  breast  cancer 
treatment. 

1)  As  eIF4E  activity  correlates  with  poor  prognosis  it  is  reasonable  to  assume  that  eIF4E 
contributes  to  this  poor  prognosis.  This  is  different  from  many  correlative  observations  of 
expression  where  it  is  unclear  as  to  whether  the  molecule  in  question  is  functionally  related 
to  cancer  behavior  or  merely  correlates  with  it.  This  supports  the  use  of  eIF4E  as  a  target 
for  cancer  therapy. 

2)  Our  estimate  of  eIF4E  activity  may  provide  a  potentially  powerful  therapy  predictive 
marker  for  therapies  directed  against  the  eIF4E  pathway,  such  as  sirolimus9,  everolimus 
10and  4E-AS011. 

In  the  forthcoming  year  of  funding  we  will  continue  to  examine  eIF4E  regulation  in  the 
context  of  breast  cancer,  and  aim  to  determine  the  potential  therapy  predictive  value  of  our 
estimate  of  eIF4E  activity. 
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